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ABSTRACT

GaSb has a high numerical index (approximately 3.90 at a wavelength of 2 um), leading to reflection of about
35% of incoming photons, depending on wavelength. This results in a significant loss of quantum efficiency for
GaSb-based infrared detectors when backside-illuminated, since GaSb is the first material encountered. Here we
demonstrate a way of etching broadband antireflective GaSb grass using an inductively coupled Cly plasma etch
with Oz micromasking, and we examine the possibility for using this material as an antireflective surface for
infrared detectors (a patent is pending concerning integration with GaSb-based infrared detectors).We demon-
strate sub-10% reflectivity for wavelengths ranging from 200 nm to 12.2 um and at angles of incidence up to

58°.
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1. INTRODUCTION

Gallium antimonide (GaSb) is a common wafer material in infrared detectors, such as bulk InAsSb nBn de-
tectors,! High Operating Temperature Barrier Infrared Detectors (HOT-BIRDs),>? and other nBn and XBn
detectors more broadly.*® However, GaSb has a high numerical index (approximately 3.90 at a wavelength of
2 pm), leading to reflection of about 35% of incoming photons, depending on wavelength. This causes a loss of
quantum efficiency for infrared detectors as GaSb is the first material encountered by incoming photons.

Here we demonstrate a method of etching broadband antireflective GaSb grass using an inductively coupled
Cly plasma etch with Oz micromasking. We demonstrate broadband antireflection with sub-10% reflectivity
for wavelengths ranging from 200 nm to 12.2 ym (nearly 6 octaves) and at angles of incidence up to 58°. We
consider the possibility of using such GaSb grass as an antireflective surface on GaSb-based infrared detectors
(a patent is pending regarding this integration). This has several potential advantages over more traditional
dielectric coatings. First, we have demonstrated nearly 6 octaves of bandwidth, while typical broadband dielectric
coatings are limited to about 2 octaves. Second, we have demonstrated angles of incidence up to 58°, while typical
dielectric coatings are limited to angles of incidence of about 45°. Third, since GaSb grass is not a different
material deposited on top of the GaSb, it cannot delaminate, as some dielectric coatings do with thermal cycling.
Finally, it has potential cost advantages due to the simplicity of the etch.

2. PRIOR WORK

Black silicon is a technique of etching nanostructured grass onto silicon wafers by various means.® Black silicon
is mature and widely used for applications such as antireflection on photodetectors, stray light absorption, and
coronagraphs.” 1Y Black silicon has demonstrated antireflectivity to wavelengths of many tens of um and to
angles of incidence as high as 70°.

In addition, several prior works extend this to GaSb and consider nanostructured grass on GaSb or “black
GaSb.” Initial works regard it as a nuisance and primarily consider how to avoid it.'**'2 One work involves fab-
rication using an electron beam mask and fast atom beam SFg/Cl, etching, achieving antireflection to 2.3 pm.'?
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Figure 1. An example scanning electron microscope (SEM) image of GaSb grass produced in this work. The image shows
grass of heights approximately 5 to 6 um and widths approximately 200 to 300 nm. (Note that the sample is viewed at
30° off-normal incidence, causing the heights to appear shorter by half).

Another work uses a silica colloidal array as a mask with a Cly ICP etch, achieving antireflection to 1.7 ym.!*
Another work uses a BCl3/02 and a Cly /Oy ICP etch, with the Os causing random micromasking, primarily
focusing on nanopillar/nanowire applications but also demonstrating antireflection to 2.0 ym.*® Finally, another
set of works uses Ar™ ion irradiation to create nanoporous GaSb, achieving antireflection to 800 nm.!6-17

The principle on which these nanostructured surfaces work has been considered theoretically'® and varies
somewhat depending on the dimensions of the grass and the wavelength of the light. In the long wavelength
regime, with wavelength much larger than the width of the grass, the grass acts like an effective graded index
material and prevents reflection by the presence of a slow adiabatic transition in index (this breaks down when
wavelength begins to rival the height of the grass, and the transition is no longer so slow or adiabatic). In
the short wavelength regime, with wavelength much smaller than the width of the grass, the matter becomes a
geometric optics problem, and grass is treated as a “forest” which it is difficult for the light to reflect out of.
In the intermediate wavelength regime, however, neither of these pictures is true and full finite difference time
domain (FDTD) simulations of Maxwell’s equations are necessary (though the antireflection generally persists).



Figure 2. Photograph of untreated GaSb wafer (left) and etched “GaSb grass” wafer (right). Both wafers are mounted
on metal washers with polyimide tape. The etched wafer is visibly and uniformly black, showing the antireflection of the
coating and the absorption of visible light by GaSb.

3. EXPERIMENT

In our work, we seek to build on the Cly /O, inductively coupled plasma (ICP) etch demonstrated by Lin et al.'®
In that work, the dimensions shown for the GaSb grass include widths from 74 to 121 nm and heights from 547
to 947 nm. We iteratively tuned the parameters of the etch, including ICP power, RF bias power, gas flow rates,
and chamber pressure in order to achieve taller and wider grass, and to maximize density.

An example scanning electron microscope (SEM) image of the results is shown in Fig. 1. The results show
grass of heights approximately 5 to 6 ym and widths approximately 200 to 300 nm. (Note that the sample is
viewed at 30° off-normal incidence, causing the heights to appear shorter by half).

The visual appearance of such a sample is shown in Fig. 2. This sample shows an untreated GaSb wafer next
to an etched “GaSbh grass” wafer. The etched wafer is uniformly black, showing the antireflection of the coating
and the absorption of visible light by GaSb. Despite this, for wavelengths above the bandgap of GaSb the wafer
will be transmissive (less free carrier absorption), so the coating can be treated there as an antireflective material
and not an absorbing one.

4. RESULTS

In order to avoid backside reflection in the transmissive window of GaSbh, we performed this etch on highly
pT-doped GaSb wafers. This increases free carrier absorption and nearly eliminates the transmissive window.
We selected 3 sets of etch parameters and performed each etch on a single quarter of a 2-inch wafer, labeling the
three samples 401, 402, and 403.

We measured the specular and diffuse reflectivity of the samples by Fourier Transform Infrared (FTIR)
spectrometers, using an integrating sphere for diffuse reflectivity. Diffuse reflectivity was generally under 1% up
to wavelengths of about 17 pm. We plot total reflectivity (specular and diffuse reflectivity, summed) against
wavelength in Fig. 3 for three typical etched samples as well as one untreated sample. Two FTIR systems were
used, one from 200 nm to 2.5 pum, and one from 2.5 pm to 20 pm. A discontinuity is visible at this point showing
imperfect calibration of the two systems. For the best sample, sample 401, we demonstrate sub-10% reflectivity
for wavelengths ranging from 200 nm to 12.2 pm.
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Figure 3. Total reflectivity vs. wavelength for 4 samples based on p™-doped GaSb wafers to avoid backside reflection. One
sample is untreated, while three (samples 401, 402, and 403) were etched using the described Cly/O2 inductively coupled
plasma etch with different etch parameters.

We selected the second-best sample, 403, for characterization of specular reflectivity versus wavelength for
several angles of incidence. This data was only taken for one FTIR spectrometer and is limited to the wavelength
range from 2.5 pm to 20 pm. This data is shown in Fig. 4. This sample was measured at angles of 0°, 30°, 38°,
48°, 58°, and 68°. Even up to angles of incidence of 58°, a substantial part of the spectrum retains reflectivity
below 10%.

5. CONCLUSION

In this work we have extended the Cly /O inductively coupled plasma etch technique originally described by Lin
et al.'® This creates a surface with extremely broadband antireflective properties. We have iteratively tuned the
parameters of the etch, including ICP power, RF bias power, gas flow rates, and chamber pressure in order to
achieve taller and wider grass, and to maximize density. This has allowed us to achieve grass with dimensions
including heights approximately 5 to 6 pm and widths approximately 200 to 300 nm. We have also demonstrated
sub-10% reflectivity for wavelengths ranging from 200 nm to 12.2 pm (nearly 6 octaves) and at angles of incidence
up to 58°. Though antireflective GaSb grass has been explored before,''"!7 antireflection had previously been
limited to a maximum wavelength of 2.3 pym.

This technique has potential for integration with GaSb-based infrared detectors, such as bulk InAsSb,!
HOT-BIRDs,*? and other nBn/XBn detectors*® (a patent is pending regarding this integration). We have
also performed some initial successful experiments integrating this GaSbh grass with bulk InAsSb nBn detectors,
however this is beyond the scope of the present work and will be covered in a forthcoming publication. This
GaSbh grass has the potential for substantial advantages over traditional dielectric coatings, including bandwidth,
angle of incidence, delamination risk, and cost.
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Figure 4. Specular reflectivity vs. wavelength for several angles of incidence on sample 403. Even up to angles of incidence
of 58°, a substantial part of the spectrum retains reflectivity below 10%.
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